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ABSTRACT

Neurodegeneration is a progressive loss of structural and functional properties which finally leads to death of
neurons. The accumulation of high concentration of the reactive oxygen species (ROS) in brain cells leads to
damage and apoptosis which finally leads to the neurodegenerative disorders like Alzheimer (AD), Parkinson
(PD) and Huntington disease etc., thus neuroprotective activity plays an important role in brain, working as a
defensive mechanism which can either be self-developed or can be obtained through medication. Natural
marine products are a rich source of novel compounds that can alter mammalian neurological activity. Marine
sponges are one of the most sustainable and efficient sources to explore when bio-prospecting for
neuroprotective compounds that can play a vital role in medicine. The sponge protein from Callyspongia sp.
was extracted using - mercaptoethanol and triton X-100 method. The main aim of the study is to unravel that
the extract form Callyspongia sp. exhibits an excellent wound healing activity and cell viability in L929cell
lines.
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INTRODUCTION

Brain being the most important organ of the human body suffers from many problems among
which the damages caused due to oxidative stress by reactive oxygen species was the most
common. Oxidative stress was defined as the imbalance in the redox potentials in intra and
extracellular which was caused by high concentrations of free radicals [1]. The frequently
reported free radicals were found to be hydroxyl (OH*), super oxide (O%) and nitric oxide (NO*).
Also hydrogen peroxide (H20,), peroxynitrite (ONOO") which were not free radicals by nature
but were reported to generate the free radicals by chemical reactions. The oxygen related free
radicals and the reactive oxygen species were produced mainly as the result of aerobic
metabolism [7]. This oxidative stress can be triggered by high exposure to UV radiation,
pollution and due to toxic agents [2, 3]. Once when the oxidative stress was achieved, the
organism experiences an unrepairable damage which includes change in the redox potentials,
early aging process, apoptosis and development of chronic disorders like cancer,
neurodegenerative, rheumatoid arthritis, cardiovascular problems and diabetes, arthrosclerosis [5,
6].

The early evidence showed that oxidative stress is one of the major causes for the outset of
various neurological disorders. The reactive oxygen species especially seen in the brain and
neuronal tissues were found to be the by-products of the metabolism which were unique in the
brain. The accumulation of these by-products serves as the source of oxidative stress and their
related damages. Thus, the accumulation of the Reactive Oxygen Species (ROS) in brain triggers
the high concentration of hydrogen peroxide (H.O;), Nitric Oxide (NO), Hydroxyl radical (OH"),
lipid peroxides and superoxide ions, which were highly toxic leads to cell damage and finally
apoptosis thus giving rise to neurodegenerative disorders like Alzheimer (AD), Parkinson (PD)
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and Huntington (HD). Neuroprotective activity was the defence mechanism against the
degenerative disorders in brain, which was highly significant [7].

Marine environment plays a key role in the field of search for drug targets that were responsible
for numerous diseases. Among all other organisms in marine environment sponges were found to
measure a rich source of secondary metabolites and proteins which have several biological
activities especially neuroactivity and can be extracted easily [8]. Since phylum Porifera was
identified to contain the basic chemical messengers such as diffusible amino acids glutamate and
y-amino butyric acid (GABA) and a short-lived diffusible gas, nitric oxide (NO) that were found
in CNS of animals, plants and other invertebrates which can be useful in the treatment of
neurodegenerative disorders [9]. The aim of the work starts with the sponge extraction which was
followed by their test for activity against the free radicals such as Nitric Oxide, hydrogen
peroxide, superoxide, hydroxyl radical and iron reducing property etc.,

MATERIALS AND METHODS

Collection and Extraction of Protein Sample from Marine Sponge

The sponge samples were collected from the Ramaeshwaram sea shore of Bay of Bengal. The
proteins were extracted from the sponge sample by Schroder and Ely method using (-
Merkaptoethanol and Triton X-100 [10]. The sponge was cut into small pieces, and then weighed
as much as 10 g, crushed in a blender using a solvent buffer A (Tris-HCI 0.1 M pH 8.3, 2 M
NaCl, 0.01 M CaCl2, 1% B-merkaptoetanol, Triton X-100 0.5%), filtered with filter paper and the
obtained filtrate was freeze thawed 2-3 times and then centrifuged at 12,000 rpm, 4°C, for 30
minutes. Furthermore, the supernatant was stored in the refrigerator prior to testing various
activities.

Quantification of Sponge Protein

Protein content of sponge was determined by Barford method (Biorad reagent) [4] using Bovine
Serum Albumine (BSA) as standard. The absorbance is measured at 595nm to estimate the
protein content in the sample.

Neuroprotective Assays

Hydrogen Peroxide Scavenging Activity:

The hydrogen peroxide radical scavenging property of the sponge extract was determined using
the methodology by [11, 12, 13]. PBS (pH 7.4) is used for the preparation of 40mM H,0,
solution, various concentrations of sponge extract is added in 0.6 ml of the prepared H,0,
solution. The absorbance was measured at 230nm which was determined after an incubation of
period of 10 minutes. The hydrogen peroxide scavenging activity is calculated using the formula:
% Scavenged [H20,] = [(Ac — As)/Ac] x 100

Where Ac is the absorbance of the control and As is the absorbance of the extract or standards
with H,0,.

Nitric Oxide Scavenging Activity

The nitric oxide scavenging activity for the sponge extract is performed by slight modifications in
the method followed by Sreejayan and Rao et al by diluting a stock solution of 4g/ml of the crude
extract [14, 15]. Ascorbic acid was used as standard and the absorbance was measured at 546 or
550 nm. The percentage nitrite radical scavenging activity of the sponge extracts and Ascorbic
acid were calculated using the following formula:
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NltriC OXide SC&VEHgEd (%) = [(Acontr0| - Atest)/ Acontro|] X 100
Where Acontror = absorbance of control sample and Ayt = absorbance in the presence of the
samples of extracts or standards.

Superoxide Radical Scavenging Activity

Superoxide Radical Scavenging assay is based on the ability of the sample to inhibit the
phytochemical reduction of NBT (Nitro Blue Tetrazolium) [16, 17] carried out with slight
modifications in the method followed by Martinez et al. The total volume of the reaction mixture
consists of 0.05 M PBS (pH 7.8), 13 mM methionine, 2 uM riboflavin, 100 uM EDTA, NBT (75
pHM) and 1.0 ml of test sample with different concentration as mentioned in the previous assays
was incubated for 20 minutes. The absorbance was measured after incubation in the presence of
fluorescent light (725 lumens, 34 W) at 560 nm. Ascorbic acid was used as the standard. The
inhibition of superoxide anion was estimated by the equation:

% inhibition = [(Ao - As)/ (Ag)] X 100

Where, A, is the absorbance of the control, and A is the absorbance of the tested sample.

Free Radical Scavenging Activity Assays

DPPH Assay

The DPPH radical-scavenging activity was performed as per the procedure followed by Qiao
with modifications [18, 19, 20]. 0.2 ml of DPPH (0.4 mM) in dehydrated alcohol was mixed with
1.0 ml of the sample and 2.8 ml of distilled water, shaken vigorously and allowed to stand at
room temperature for 30 min. The absorbance was measured at 517 nm and the scavenging
activity of DPPH was measured using the formula:

DPPH radical scavenging activity (%) = {1 — [(A1 — A2)/ (Ao)]* 100}

Where, Ay is the absorbance of the control (water instead of the sample), A; is the absorbance of
the sample and A; is the absorbance of the sample only (water instead of DPPH).

Hydroxyl Radical Scavenging Activity

The hydroxyl radical-scavenging activity was determined based on the method of Yu [24] with
some modifications. The samples were taken in various concentrations as mentioned above to
which 1ml of 9 mM FeSO, and salicylic acid-ethanol solution. 1 ml of 8.8 mM H,0, was added
to the mixture and the reaction was carried out at 37 °C for 1 h. The absorbance was made at 510
nm and the scavenging activity of the hydroxyl radical was calculated by the following equation:
Hydroxyl radical scavenging activity (%) = {1 — [(A1 — A2)/ Ap x 100} (2)

Where, Ay is the absorbance of the control (water instead of sample), A; is the absorbance of the
sample and A; is the absorbance of the sample only (salicylic acid—ethanol solution instead of
FeSO, and H,0, solutions).

Fe ** Reducing Antioxidant Power Assay

The FRAP assay of the sponge extract was determined based on the method proposed by Oyaizu
(1986) with slight modification [21, 22, 23] Various concentrations of sponge extract dissolved in
1 ml of distilled water, 2.5 ml of 0.2M sodium phosphate buffer (pH 6.6) and 2.5 ml of 1%
[K3Fe(CN)6]. The reaction mixture was incubated for 20 minutes at 50°C. The aliquots is then
added with 2.5 ml of TCA. The upper layer of the mixture is diluted with 2.5 ml of distilled water
and FeCl; (0.5 mL, 0.1%). The absorbance was measured at 700 nm in a spectrophotometer.
Increased absorbance of the reaction mixture indicates an increase of reduction capability.
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Cytoprotective Assay

The MTT assay was performed in (L929 cell line) were as the anticancer assay was performed in
(C6 cell line) the according to the procedure followed by Mosmann.T, 1983[25, 26] employed for
the assessment of the cell viability and also the aniti-cancer property of the sponge extract in 3-
(4,5-dimethythiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT). The cells when treated with
MTT solution (50 pL) in the concentration of 1 mg/mL incubated at 37°C for 48 hours. Finally,
150 uL of DMSO was added to the viable cells which were capable of producing the formazan
crystals. The absorbance was measured at 570 nm.

Scratch Assay

Wound healing assay was performed with modifications in the method proposed by Lampugnani
in the year 1999 [27, 28]. The cells, L929-Mouse Fibroblast Cell line (NCCS, Pune)are grown in
DMEM supplemented with 10% FBS and other culture conditions. The grow cells are let in the
environment for additional 24 to 48 h (or the time required if different cells are used). A gap is
made by scratching the cell surface with a sterile needle. The mobility of the cells towards each
other is quantified by measuring the gap distance using software such as Image J and each
experimental group should be repeated multiple times.

RESULTS

The collected sponge was identified to be Callyspongia.sp which was extracted for proteins using
B-mercaptoethanol and triton X-100 and were found to have 1882.513 pg/ml protein content. The
extract was subjected to Neuroprotective and free radical scavenging property tests.

The graph (Fig:1) represents the results of the hydrogen peroxide radical scavenging activity of
the sponge extract. It was observed that the % inhibition of the scavenging activity of hydrogen
peroxide radicals of the extract increases with the increase in concentration of the sample, thus
when compared to standard, the sample values was found be high.
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Fig: 1 Hydrogen Peroxide Radical Scavenging Activity
The nitric oxide scavenging activity of the nitric oxide generated from Nay[Fe(CN)sNO]
was identified by the Greiss reagent. When sodium nitro prusside dissolved in distilled water at
physiological pH spontaneously generates nitric oxide which when interacts with the atmospheric
oxygen releases nitrite ions and this can be estimated with the help of Greiss reagent. It is
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observed that there is an increase in inhibition percentage simultaneously with the increase in
sample concentration. Here ascorbic acid used as standard.
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Fig: 2 Nitric Oxide Radical Scavenging Activity

The superoxide radical scavenging activity was determined based on the inhibition of the
photochemical reduction of Nitro Blue Tetrazolium by the sponge extract. For this assay BHA
(ButylatedHydroxy Anisole) was used as standard. It was observed that the samples showed less
activity when compared to the standard at low concentration say 100 pl but as the concentration
of the sample increases there was an increase in the percentage inhibition.
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Fig: 3 Superoxide Radical Scavenging Activity

The scavenging of the free radical 2,2-Diphenyl-1-Picrylhydrazyl (DPPH) was by reducing the
protons after the reaction with the sample. The extract from marine sponge exhibited an increased
inhibition activity against the DPPH free radical with the increase in the concentration. Thus the
standard used was ascorbic acid and the value of the sponge extract was found to be higher than
that of the standard values respectively.
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The Hydroxyl radical scavenging activity of the extract obtained indicates the inhibiting ability of
the hydroxyl ions generated. When the sponge extract at various concentrations is added to the
FeSQO, and salicylic acid solution in the presence of H202 it was found to inhibit the generation
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Fig: 4 DPPH Scavenging Activity

of the hydroxyl radicals efficiently when compared to the standard BHT.
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Fig: 5 Hydroxyl Radical Scavenging Activity

The FRAP assay was performed on the basis of the reduction in the ferric ion radicals based on
the concentration of the sample. From the observations it was found that the reduction in the
ferric ion radicals increases with the sample concentration. Thus the inhibition values obtained
was more or less similar to values obtained for ascorbic acid which was used as standard.
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Fig: 6 Fe”™ Reducing Power Activity

In this study, Test Compound (Sample 1- sponge extract) is evaluated to check the Cytotoxicity
Study on the 2 cell lines namely, L929 and C6. Extracellular reducing components such as
ascorbic acid, cholesterol, alpha-tocopherol, dithiothreitol in the culture media reduces the MTT
to formazan. In order to account this reduction, the same medium is used in control as well as test
wells. The experiments were performed in duplicates. The obtained values were plotted in graph.
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Fig: 8 Anti-Cancer Activity

The results of the scratch assay were represented below. The effectiveness of the sample was
compared with that of the standard. According to the results obtained it was found that the
protein sample exhibits an excellent healing property which was examined at various time
intervals like 0, 6, 12 and 24 hours respectively.
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Fig: 9 Wound healing Assay
DISCUSSION

The ability of the extract to scavenge hydrogen peroxide was attributed by the presence of the
phenolics content are the hydrogen peroxide is reduced to water by donating electrons [29]. Thus
the effective scavenging of H202 is done by the extract using the method proposed by Ruch [30].
Nitric oxide is an extensive free radical moiety found distributed in organs and tissues which are
supposed to play a vital role as neurotransmitter in CNS [31]. The aim to obtain the extract from
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marine sponge is to inhibit the over production of nitric oxide which is a toxic intermediate
produced from the products nitrite and nitrate in the presence of oxygen and hence these toxic
unstable intermediates are responsible for many biological disorders [32].

One among the harmful reactive oxygen species was the superoxide ion which has deleterious
effect on the cellular components of a living system. The superoxide ions are capable of initiating
lipid per oxidation indirectly by the generation of singlet oxygen [33]. Thus the scavenging
activity of the sponge extract in the increasing concentration depicts its scavenging ability by
inhibiting the lipid oxidation.

The DPPH readily gets scavenged in the presence of an antioxidant. The presence of phenolics
and flavonoids in the compound indicates their ability to scavenge the DPPH radical to 1,1-
diphenyl-2-picrylhydrazine. The rate of scavenging activity of DPPH depends on the phenolics
which contribute electrons / addition of hydrogen atoms [34] and also the flavonoids which
possess high antioxidant activity in nature due to the presence of double bonds in the C-rings [35,
36]. The DPPH radical scavenging activity of the sponge extract was directly proportional to the
increasing concentration of the extract.

One among the most important oxygen species Hydroxyl radical which is responsible for lipid
per oxidation and several other biological damages. These radicals are capable of degrading
deoxyribose into fragments when they are formed in free solutions [37]. The sponge extract
inhibited 91.02% of the hydroxyl radical at a concentration of 500l when compared with the
standard BHT it was 95.01% in the same concentration which is expressing a little variation. On
comparing with the earliest report it is found that the sponge extract exhibited a good the
inhibition capacity on comparing with other compounds.

In FRAP assay the antioxidants were used for identifying the reductants in the colorimetric
method of redox-linked reactions, with the easily reduced oxidant systems. The basic principle
behind the FRAP assay was that in the presence of antioxidant or a chelating agent, the formation
of the complex is disturbed as a result the red colour of the complex is decreased [37, 38]. The
reduction in colour is measured spectrophotometrically at 700nm and the values are plotted in a
graph in order to obtain a dose dependent curve showing that the sponge extract values are
marginally similar to that of the standard ascorbic acid.

MTT assay is a main analysis to determine the safe dose of the bioactive extract. In vitro
cytotoxicity activity of a bioactive molecule is exhibited by cell culture models. MTT when
added to insoluble formazan crystals, which, when dissolved in a suitable solvent, exhibit a
purple colour, the intensity of which is proportional to the number of viable cells and can be
measured spectrophotometrically at 570 nm [38]. The observations of the study by ELISA
Reader exhibits that when the sample tested for cytotoxic effect in normal L929 cells suggested
that the experimental sample after 48 hrs of treatment was found to be non- toxic and 90% viable
cells with an IC 50 value of 90.33 pG/mL compared to DMSO as positive control. While the
same experimental sample when treated against cancerous C6 cell line it exhibited anti-cancer
property with an 1C50 value of 119.45 uG/mL over Camptothecin as positive control.

In a particular scratch wound healing test, a "wound space"” in a cell monolayer is made by
scratching, and the "healing™ of this space through cell migration towards the center of the gap is
monitored and often quantified. Factors that alter cell motility and / or growth can cause the rate
of "healing™ of the gap to increase or decrease [39]. However, according to Pozzolini a qualitative
wound healing score was assigned based on the observation of increased cell density in the
scratches instead of a quantification of wound restriction [40]. This test is simple, inexpensive,
and the experimental conditions can be easily adjusted for different purposes. [41].
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CONCLUSION

The present in vitro study proves that the protein sample extracted from marine sponge has a
potential activity against neurodegeneration with an effective viability of cells and wound healing
property, also in addition the extract exhibits a good anti-cancer activity against C6 cell line. The
molecular mechanism and the gene regulation studies can be made in future.
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